New thienyl-or chlorophenyl-substituted thiazolopyrimidine derivatives and their derived sugar hydrazones incorporating acyclic d-galactosyl or d-xylosyl sugar moieties in addition to their per-O-acetylated derivatives were synthesized. Heterocyclization of the formed sugar hydrazones afforded the derived acyclic nucleoside analogues possessing the 1,3,4-oxadiazoline as modified nucleobase via acetylation followed by the cyclization process. The cytotoxic activity of the synthesized compounds was studied against human breast cancer MCF7 and MDA-MB-231 cell lines as well as human colorectal cancer HCT 116 and Caco-2 cell lines. High activities were revealed by compounds 1, 8, 10, 11, and 13 against Caco-2 and MCF7 cells in addition to moderate activities exhibited by other compounds against HCT116 or MDA-MB-231 cells.
Introduction
The increased risk of cancer leading to a high mortality rate is one of the important factors that stimulates scientific research in the field of medicinal chemistry for achieving distinct results able to face such threat. Chemotherapy represents an important strategy [1] that is frequently applied for treatment of cancer. The main objective associated with numerous approved chemotherapeutic agents [2] is the apoptosis induction of cancer cells. The research for developing novel anticancer candidates, with no or minimal side effects, is of considerable interest due to the observed toxicity of current drugs towards normal cells, the suppressed drug activity and the induced drug resistance which usually lead to insufficiency in the treatment process.
Thiazolopyrimidine is one of the most interesting heterocyclic scaffolds possessing structural similarity to 5-fluorouracil (5-FU)-the well-known cancer metabolite. In addition, they have been reported to possess various important potent activities such as antimicrobial, antipsychotic, anti-inflammatory, anti-Parkinson's, analgesic, antidepressant, anti-HIV, and anticancer activities [3] [4] [5] [6] [7] [8] [9] [10] [11] . In addition, they have been revealed with their bioactivities as transient receptor potential vanilloid-receptor 1 (TRPV1) modulators [12, 13] , antioxidants [14, 15] , pesticides [16] , phosphate inhibitors [17, 18] , acetylcholinesterase inhibitors [19, 20] , and antimicrobial activities [21] [22] [23] .
1,3,4-Oxadiazole is a prominent scaffold which was found to possess opulent interesting applications in drug development and designing important agrochemicals [24] . Many compounds incorporating 1,3,4-oxadiazole system showed potent bioactivities such as antiviral, anticancer, antiproliferative, antimicrobial, anti-inflammatory activities in addition to their activities as potential antifibrotic agents and monoamine oxidase B inhibitors [24] [25] [26] [27] [28] [29] [30] [31] [32] . On the other hand, acyclic and C-nucleoside analogs, as modified forms of natural nucleosides, have revealed important bioactivities as antibiotic, antiviral, and antitumor activities [25] [26] [27] [33] [34] [35] [36] [37] [38] . Figure 1 displays a number of thiazolopyrimidine and their incorporating sugar derivatives in addition to pyrimidine and oxadiazole hybrids possessing reported potent anticancer activities [39] [40] [41] [42] . Recent strategies of combining various pharmacophoric scaffolds in a new hybrid structure (molecular hybridization) for constructing potent drugs have been reported to result in the formation of more potent bioactive candidates. These significances and our ongoing interest in synthesizing new active carbohydrate based heterocycles [38, [43] [44] [45] [46] prompted us to synthesize new hybrid compounds comprising thiazolopyrimidine system, aryl or thienyl moiety, and acyclic sugar or oxadiazolyl linked to sugar moiety as modified acyclic C-nucleoside analogs and studying their anticancer activity against a number of cancer cell lines.
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Chemistry
In the present study, two types of targeted hybrid heteroaryl sugar derivatives were synthesized. The first possesses either a thienyl or chlorophenyl moiety and a thiazolopyrimidine system linked to an acyclic sugar moiety and the second incorporates an additional 1,3,4-oxadiazole system linked to acyclic sugar moiety. The substituted thiazolopyrimidine system was first prepared via a multicomponent reaction (one pot Biginelli reaction) of the aldehyde (namely; p-chlorobenzaldehyde or thiophen-2-carbaldehyde) with ethyl acetoacetate and thiourea to afford the corresponding substituted pyrimidine derivatives 1 or 2, respectively as previously reported [47, 48] . Reaction of the pyrimidine substituted ester derivatives 1 or 2 with 1,2-dibromoethane and potassium carbonate gave the corresponding thiazolopyrimidine derivatives 3 or 4, respectively, which is similar to previously reported work [49] . Their 1 H-NMR spectra showed the presence of the two methylene groups in addition to the characteristic triplet and quartet signals assigned for the ethyl group in addition to the aryl protons. The reaction of thiazolopyrimidine derivative 3 or 4 with hydrazine hydrate [33] gave the corresponding acyl hydrazide compound 5 or 6, respectively (Scheme 1). Their IR spectra showed the presence of NH 2 and NH in the region 3425-3325 cm −1 in addition to the characteristic carbonyl band for the amidic carbonyl group.
to an acyclic sugar moiety and the second incorporates an additional 1,3,4-oxadiazole system linked to acyclic sugar moiety. The substituted thiazolopyrimidine system was first prepared via a multicomponent reaction (one pot Biginelli reaction) of the aldehyde (namely; p-chlorobenzaldehyde or thiophen-2-carbaldehyde) with ethyl acetoacetate and thiourea to afford the corresponding substituted pyrimidine derivatives 1 or 2, respectively as previously reported [47, 48] . Reaction of the pyrimidine substituted ester derivatives 1 or 2 with 1,2-dibromoethane and potassium carbonate gave the corresponding thiazolopyrimidine derivatives 3 or 4, respectively, which is similar to previously reported work [49] . Their 1 H-NMR spectra showed the presence of the two methylene groups in addition to the characteristic triplet and quartet signals assigned for the ethyl group in addition to the aryl protons. The reaction of thiazolopyrimidine derivative 3 or 4 with hydrazine hydrate [33] gave the corresponding acyl hydrazide compound 5 or 6, respectively (Scheme 1). Their IR spectra showed the presence of NH2 and NH in the region 3425-3325 cm −1 in addition to the characteristic carbonyl band for the amidic carbonyl group. Scheme 1. Synthesis of aryl-or heteroaryl-substituted thiazolopyrimidine derivatives.
The sugar hydrazone derivatives 7-10 were formed via the reaction of acyl hydrazides with Dgalactose or D-xylose in the presence of catalytic acetic acid amount. The IR spectra of the latter sugar hydrazones revealed the bands of sugar-hydroxyl groups at 3434-3338 cm −1 . Their 1 H-NMR spectra revealed, in addition to the characteristic signals of the protons in the assigned structures, the H-1 methine proton at 7.20-7.45 ppm with coupling constant 8.5 Hz. The latter observed chemical shift values showed the sp 2 hybridization of the sugar C-1 which indicates that the sugar moiety is present in the acyclic form.
Acetylation of the thiazolopyrimidine hydrazonyl sugar compounds 7-10 was achieved by means of acetic anhydride in the presence of pyridine resulting in the formation of the per-Oacetylated sugar hydrazones 11-14, respectively. The IR spectra of the produced acetylated products revealed the existence of the C=O band of the acetyl group at 1749-1735 cm −1 in addition to the disappearance of OH group bands. Furthermore, their 1 H-NMR spectra displayed the assigned signals for the protons of the five methyl groups in the CH3C=O group at 1.95-2.26 ppm in addition to the H-1 proton at 7.32-8.05 ppm with 7.6-7.8 Hz coupling constant, indicating the acyclic sugar form of the sugar part.
On the other hand, performing the acetylation reaction of the sugar hydrazones 7-10 was further carried out in acetic anhydride at 100 °C and resulted in a heterocyclization process in addition to the acetylation step affording the derived 1,3,4-oxadiazoline compounds linked to acetylated acyclic sugar units 15-18, respectively (Scheme 2). Formation of these oxadiazoline acyclic C-nucleoside Scheme 1. Synthesis of aryl-or heteroaryl-substituted thiazolopyrimidine derivatives.
The sugar hydrazone derivatives 7-10 were formed via the reaction of acyl hydrazides with d-galactose or d-xylose in the presence of catalytic acetic acid amount. The IR spectra of the latter sugar hydrazones revealed the bands of sugar-hydroxyl groups at 3434-3338 cm −1 . Their 1 H-NMR spectra revealed, in addition to the characteristic signals of the protons in the assigned structures, the H-1 methine proton at 7.20-7.45 ppm with coupling constant 8.5 Hz. The latter observed chemical shift values showed the sp 2 hybridization of the sugar C-1 which indicates that the sugar moiety is present in the acyclic form.
Acetylation of the thiazolopyrimidine hydrazonyl sugar compounds 7-10 was achieved by means of acetic anhydride in the presence of pyridine resulting in the formation of the per-O-acetylated sugar hydrazones 11-14, respectively. The IR spectra of the produced acetylated products revealed the existence of the C=O band of the acetyl group at 1749-1735 cm −1 in addition to the disappearance of OH group bands. Furthermore, their 1 H-NMR spectra displayed the assigned signals for the protons of the five methyl groups in the CH 3 C=O group at 1.95-2.26 ppm in addition to the H-1 proton at 7.32-8.05 ppm with 7.6-7.8 Hz coupling constant, indicating the acyclic sugar form of the sugar part.
On the other hand, performing the acetylation reaction of the sugar hydrazones 7-10 was further carried out in acetic anhydride at 100 • C and resulted in a heterocyclization process in addition to the acetylation step affording the derived 1,3,4-oxadiazoline compounds linked to acetylated acyclic sugar units 15-18, respectively (Scheme 2). Formation of these oxadiazoline acyclic C-nucleoside analogs was consistent with the previous reported studies of the hydrazine derivatives under these conditions [24, 33, 38, 46, 50, 51] . The infrared spectra of the resulting oxadiazoline sugar derivatives displayed the absorption bands attributed to the carbonyl groups of the acetyl parts at 1740-1735 and 1680-1670 cm −1 . The signals that were afforded in their 1 H-NMR spectra were in accordance with the assigned structures. Thus, the doublet signal at 5.70-5.72 ppm with J coupling 7.2-7.4 Hz corresponds to H-2 of the formed oxadiazoline ring (originally H-1 in the reacted acyclic sugar moiety) which is attached to an sp 3 carbon atom indicating the heterocyclization process. In acyclic hydrazine forms the latter proton should be at higher chemical shift values due to the sp 2 character of the assumed C-1 (methylenic proton). The remaining protons in the acyclic sugar skeleton were displayed at their characteristic assigned values. Furthermore, the 13 C-NMR spectra of these products showed a signal at 81.3-82.5 ppm corresponding to the C-2 in the oxadiazoline ring (originally C-1 of the acyclic sugar part) in addition to the signals corresponding to the acetyl-carbonyl carbons and aryl carbons confirming the assigned structures. 
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Cytotoxic Activity
In the current study, the newly synthesized compounds were examined in vitro for their cytotoxic activities against human breast cancer MCF7 and MDA-MB-231 cell lines, as well as human colorectal cancer HCT 116 and Caco-2 cell lines [52] . In addition, it will be also of interest in the present investigation to see the effect of the introduction of an acyclic sugar or oxadiazolyl linked to sugar moiety on the activity. The current results demonstrated that there was a gradual significant 
In the current study, the newly synthesized compounds were examined in vitro for their cytotoxic activities against human breast cancer MCF7 and MDA-MB-231 cell lines, as well as human colorectal cancer HCT 116 and Caco-2 cell lines [52] . In addition, it will be also of interest in the present investigation to see the effect of the introduction of an acyclic sugar or oxadiazolyl linked to sugar moiety on the activity. The current results demonstrated that there was a gradual significant decrease (p > 0.05) of cell proliferation after treating human colorectal cancerous cell lines (HCT 116 and Caco-2) and human breast cancerous cell lines (MDA-MB-231 and MCF-7) with the synthesized compounds using different dosages started from 0 to 100 µg/mL.
From Table 1 , it has been suggested that the lower the IC 50 , the highest the cytotoxic effect against the cancer cells. Compounds which showed 100% inhibition and revealed IC 50 values less than 100 µg/mL against at least one cancer cell line are listed in Table 1 . The remaining compounds revealed undetectable IC 50 (more than 100 ug/mL) upon all tested cancer cell lines. The observed results showed that compounds 1 and 9 exhibited the lowest IC 50 with the highest cytotoxic effect against HCT 116 cell line with IC 50 values 25.28 and 27.95 µg/mL, respectively. In addition, compound 11 revealed moderate cytotoxic effect against the latter cancer cell line as illustrated in (Figure 2 and Table 1 ). Regarding the activity against Caco-2 cell line, compounds 10, 8, and 13 showed the lowest IC 50 with the highest cytotoxic effect against this cancer cell line as illustrated in Figure 3 and Table 1 . From Table 1 , it has been suggested that the lower the IC50, the highest the cytotoxic effect against the cancer cells. Compounds which showed 100% inhibition and revealed IC50 values less than 100 µg/mL against at least one cancer cell line are listed in Table 1 . The remaining compounds revealed undetectable IC50 (more than 100 ug/mL) upon all tested cancer cell lines. IC50 values are in µg/mL. ND = IC50 undetectable (i.e., IC50 more than 100 µg/mL).
The observed results showed that compounds 1 and 9 exhibited the lowest IC50 with the highest cytotoxic effect against HCT 116 cell line with IC50 values 25.28 and 27.95 µg/mL, respectively. In addition, compound 11 revealed moderate cytotoxic effect against the latter cancer cell line as illustrated in (Figure 2 and Table 1 ). Regarding the activity against Caco-2 cell line, compounds 10, 8, and 13 showed the lowest IC50 with the highest cytotoxic effect against this cancer cell line as illustrated in Figure 3 and Table 1 .
On the other hand, compound 11 was shown to possess the lowest IC50 with the highest cytotoxic effect against MDA-MB-231 cell line as illustrated in Figure 4 and Table 1 . The results also showed that compounds 10 and 4 showed moderate activities against such cancer cell line. The activity results against MCF7 cancer cell revealed that compounds 11 and 10 displayed the lowest IC50 with the highest cytotoxic effect as illustrated in Figure 5 and Table 1 . On the other hand, compound 11 was shown to possess the lowest IC 50 with the highest cytotoxic effect against MDA-MB-231 cell line as illustrated in Figure 4 and Table 1 . The results also showed that compounds 10 and 4 showed moderate activities against such cancer cell line. The activity results against MCF7 cancer cell revealed that compounds 11 and 10 displayed the lowest IC 50 with the highest cytotoxic effect as illustrated in Figure 5 and Table 1 . By correlating of the obtained bioactivity results with the main structural features of the compounds exhibiting the highest activities, it was found that thiazolopyrimidine linked to 4-chlorophenyl or thienyl hybrid compounds incorporating acyclic sugar parts were the most active candidates. These derivatives incorporated the sugar part linked via a hydrazinyl linkage to either free hydroxyl or acetylated acyclic moiety. Thus, attachment of a hydrazinyl sugar moiety to the thiazolopyrimidine ring system (compounds 7-14) resulted in higher activities compared to their starting precursors. The thiazolopyrimidine linked to acetylated galactose moiety were found higher in activities than their analogs with the five carbon xylose sugar unit. However, this was not the case for the deacetylated analogs since the free hydroxyl xylose products (8 and 10) were higher than those possessing galactose unit (the hydrazones 7 and 9). The sugar hydrazones 8 and 10 with free hydroxyl xylosyl group were found higher in activities than their derived acetylated products 12 and 14, respectively. When the sugar part was a galactosyl moiety, the acetylated derivative 11 was found higher in activity than its deacetylated analogue 7. Furthermore, the substituted pyrimidine compound 1 was higher in its activity against HCT116 cells than the derived thiazolopyrimidine product 4 which did not incorporate sugar part. Such observations may account for the importance of the -NH linked to the thione group for the cytotoxic activity against the HCT116 cell line. However, the thiazolopyrimidine ester derivative 4 was found to be higher in the cytotoxic activity against Caco-2 cells than the substituted pyrimidine 1. By correlating of the obtained bioactivity results with the main structural features of the compounds exhibiting the highest activities, it was found that thiazolopyrimidine linked to 4chlorophenyl or thienyl hybrid compounds incorporating acyclic sugar parts were the most active candidates. These derivatives incorporated the sugar part linked via a hydrazinyl linkage to either free hydroxyl or acetylated acyclic moiety. Thus, attachment of a hydrazinyl sugar moiety to the thiazolopyrimidine ring system (compounds 7-14) resulted in higher activities compared to their starting precursors. The thiazolopyrimidine linked to acetylated galactose moiety were found higher in activities than their analogs with the five carbon xylose sugar unit. However, this was not the case for the deacetylated analogs since the free hydroxyl xylose products (8 and 10) were higher than those possessing galactose unit (the hydrazones 7 and 9). The sugar hydrazones 8 and 10 with free hydroxyl xylosyl group were found higher in activities than their derived acetylated products 12 and 14, respectively. When the sugar part was a galactosyl moiety, the acetylated derivative 11 was found higher in activity than its deacetylated analogue 7. Furthermore, the substituted pyrimidine compound 1 was higher in its activity against HCT116 cells than the derived thiazolopyrimidine product 4 which did not incorporate sugar part. Such observations may account for the importance of the -NH linked to the thione group for the cytotoxic activity against the HCT116 cell line. However, the thiazolopyrimidine ester derivative 4 was found to be higher in the cytotoxic activity against Caco-2 cells than the substituted pyrimidine 1.
Experimental
Synthesis
General Procedures
Melting points were determined on a Böetius PHMK (Veb Analytik Dresden) apparatus. Thin Layer Chromatography (TLC) was performed using aluminum plates pre-coated with silica gel 60 or 60 F254 (Merck) and visualized by iodine or UV light (254 nm). The NMR spectra were recorded on a Varian Gemini 300 and Bruker DRX 400 spectrometer at 25 °C. 1 H-and 13 C-NMR signals were referenced to TMS and the solvent shift ((CD3)2SO δ H 2.50 and δ C 39.5). Coupling constants are given in Hz and without sign. The IR spectra (ν, cm −1 ) were recorded (KBr) on a Jasco FT/IR-410 instrument. Microanalyses were operated using Perkin Elmer 240 instrument and satisfactory results 
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Synthesis
General Procedures
Melting points were determined on a Böetius PHMK (Veb Analytik Dresden) apparatus. Thin Layer Chromatography (TLC) was performed using aluminum plates pre-coated with silica gel 60 or 60 F254 (Merck) and visualized by iodine or UV light (254 nm). The NMR spectra were recorded on a Varian Gemini 300 and Bruker DRX 400 spectrometer at 25 • C. 1 H-and 13 C-NMR signals were referenced to TMS and the solvent shift ((CD 3 ) 2 SO δ H 2.50 and δ C 39.5). Coupling constants are given in Hz and without sign. The IR spectra (ν, cm −1 ) were recorded (KBr) on a Jasco FT/IR-410 instrument. Microanalyses were operated using Perkin Elmer 240 instrument and satisfactory results within the accepted range (±0.40) of the calculated values were obtained. All reagents and solvents were of commercial grade. The cytotoxic activity against cancer cell lines was studied at National Research Center (NRC), Dokki, Cairo, Egypt. Compounds 1 and 2 were prepared as reported previously [47, 48] .
Ethyl 7-(Aryl)-5-methyl-2,3-dihydro-7H-thiazolo[3,2-a]pyrimidine-6-carboxylate (3, 4)
A mixture of the ester compounds 1 or 2 (10 mmol), 1,2-dibromoethane (10 mmol), and K 2 CO 3 (20 mmol) in DMF (12 mL) was heated in a water bath at 90 • C for 3 h, and poured on ice and cooled with water. The afforded precipitate was filtered, dried, and recrystallized from acetone-water (1:1) to give the thiazolopyrimidine derivatives 3 or 4, respectively. General procedure: a solution of the acyl hydrazide 5 or 6 (10 mmol) in ethanol (10 mL) was added to a solution of d-galactose or d-xylose (10 mmol) in water (2 mL) followed by addition of glacial acetic acid (0.2 mL). The reaction mixture was heated at reflux temperature for 5 h and then the solvent was removed under reduced pressure. Dry diethyl ether was added to the remaining residue with stirring for 15 min and the formed product was washed with dry ethanol then dried to give the sugar hydrazone derivatives 7-10. 
General Procedure for the Preparation of Compounds (11-14)
To a solution of the sugar hydrazones 7-10 (10 mmol) in pyridine (5 mL), acetic anhydride (3 mL) was added and the mixture was stirred at room temperature for 20 h. The resulting solution was poured onto crushed ice and the product was extracted by ethyl acetate (15 × 3 mL), washed with a saturated solution of sodium hydrogen carbonate (10 mL) followed by water and then the solvent was evaporated to afford the acetylated products 11-14. well and left for 20 min to dissolve the formazan crystals. After the reaction, color development was measured at 450 nm using Bio-Tek microplate reader.
IC 50 Measurement
The half-maximal inhibitory concentrations (IC 50 ) values, which are the concentrations that inhibit 50% of cancer cell viabilities, were obtained by plotting the percentages of cancer cell viabilities versus the concentrations of the sample using polynomial concentration-response curve fitting models (OriginPro 8 software).
Conclusions
New hybrid compounds of aryl or heteroaryl substituted thiazolopyrimidine system incorporating acyclic sugar moiety derivatives and their derived oxadiazoline compounds were prepared from simple starting compounds. The cytotoxic activities against four cancer cell lines were studied and the prepared compounds that had either an acetylated or deprotected acyclic sugar part were the most active. The results showed the importance of attachment of certain sugar moieties to the thiazolopyrimidine system. The highest activities by the most active candidates were revealed against human colorectal cancer Caco-2 cell lines with the lowest IC 50 values. 
